Background: Perioperative enteral nutrition (EN) enriched with immune-modulating substrates is preferable for patients undergoing major abdominal cancer surgery. In this study, perioperative EN enriched with immune-modulating nutrients such as arginine, glutamine, and omega-3 fatty acids was evaluated for its anti-inflammatory efficacy in patients with gastric adenocarcinoma or gastrointestinal stromal tumor (GIST) receiving curative surgery. Materials and Methods: This prospective, randomized, double-blind study recruited 34 patients with gastric adenocarcinoma or gastric GIST undergoing elective curative surgery. These patients were randomly assigned to the study group, receiving immune-modulating nutrient-enriched EN, or the control group, receiving standard EN from 3 days before surgery (preoperative day 3) to up to postoperative day 14 or discharge. Laboratory and inflammatory parameters were assessed on preoperative day 3 and postoperative day 14 or at discharge. Adverse events (AEs) and clinical outcomes were documented daily and compared between groups. Results: No significant differences were observed between the two groups in selected laboratory and inflammatory parameters, or in their net change, before and after treatment. AEs and clinical outcomes, including infectious complications, overall complications, time to first bowel action, and length of hospital stay after surgery, were comparable between treatment groups (all P > 0.05). Conclusion: Immune-modulating nutrient-enriched EN had no prominent immunomodulation effect compared with that of standard EN.
Introduction

W
ith the increasing incidence in the recent years, cancer is the leading cause of death in Taiwan. Gastric cancer accounted for approximately 3.80% of all malignancies and 5.0% of all malignancy-related mortality in 2013, resulting in the sixth most common cancer in males and the fifth in females. Histologically, the most common type is adenocarcinoma (89.7%), followed by gastrointestinal stromal tumor (GIST) (4.6%) (http://www.mohw.gov.tw).
The main treatment recommended for both adenocarcinoma and GIST is surgical resection. Early enteral nutrition (EEN) after gastrointestinal (GI) surgery improves not only the quality of life (QOL) [1] but also nutritional status and clinical outcomes. EEN results in higher postoperative serum albumin and prealbumin levels, [2, 3] and furthermore, EEN shortens the time to first bowel action [4] and the length of hospital stay (LOS). [5] Regarding postoperative complications, EEN reduces the rates of both noninfectious and infectious complications. [6] Nutrition plays a major role in many aspects of cancer development and treatment. A total of 20%-40% of cancer-related deaths may result from malnutrition instead of disease itself. [7, 8] Proper nutrition intervention restores the nutrition stores of cancer patients and prevents from their body weight loss, releasing from nausea or constipation, maintaining bowel function, and improving QOL. In contrast, no or inadequate nutrition supplement leads to malnutrition, increases both the incidence and severity of treatment side effects and the risk of infection, and in the end, reducing the rates of survival. [9] The incidence of malnutrition in patients with cancer ranges from 40% to 80%, especially in patients with GI tract cancer, in which bowel function is usually impaired and oral food ingestion is usually not sufficient owing to cancer-related symptoms. Therefore, nutritional supplements are indicated for patients who do not meet their energy needs through oral food ingestion. Evidence has indicated that enteral nutrition (EN) is superior to parenteral nutrition (PN) and that it is also easier and associated with fewer catheter-related complications. [10] Immune-modulating substances such as arginine, glutamine, omega-3 fatty acids, nucleic acids, and antioxidants can modulate immune and inflammatory processes in burn or trauma and major surgery and improve clinical outcomes. Arginine is a non-essential amino acid that plays a role in the synthesis of nitric oxide, which regulates gene expression and stimulates cell-mediated immunity. However, when arginine depletes, cells generate superoxide, instead of nitric oxide and superoxide leads to cell injury as a result.
Glutamine is mainly synthesized from the catabolism of branch-chained amino acids in skeletal muscle and is the most plentiful non-essential amino acid in the human body, which is a preferable energy source for rapidly proliferating lymphocytes and enterocytes. [11] As a result, glutamine is a conditionally essential amino acid while excessive tissue demand of glutamine overcomes glutamine production to meet the increasing requirement during major surgery, trauma, or other catabolic stress situations, [12] and in turn contributes to infection, bowel function impairment, weight loss, and muscle wasting. [13] Omega-3 polyunsaturated fatty acids (PUFAs) compete with omega-6 PUFAs, to produce less thrombotic and inflammatory prostaglandins, leukotrienes, and thromboxanes. [14] Therefore, n-3 PUFAs regulate pro-and anti-inflammatory cytokine gene expression and modulate inappropriate proinflammatory activities.
The aim of this study is to determine whether an immune-modulating nutrient-enriched EN diet can improve nutritional status and reduce postoperative infection and surgery-induced immune suppression in patients with gastric cancer or GIST undergoing major surgery.
Materials and Methods
T h e p r o t o c o l w a s a p p r o v e d b y t h e l o c a l e t h i c s committees (KMUHIRB-2011-05-01(II)) and was performed in accordance with Declaration of Helsinki of 1975 as revised in 1996. Written informed consent was obtained from patients before the study was conducted. The study was registered at clinicaltrials.gov under the identification code ID: NCT03123432 (www.clinicaltrials.gov/ct2/show/NCT03123432) and trial name: Immune-modulating Nutrients in Perioperative Patients with Gastric Cancer.
In this prospective, randomized, double-blind study, patients with gastric adenocarcinoma or gastric GIST age ≥20 years who underwent elective radical subtotal or total gastrectomy from June 2011 to June 2016 were screened for eligibility. The following patients were excluded: those with liver disease (total bilirubin >2.5 mg/dL), renal disease (creatinine >1.5 mg/dL or hemodialysis requirement), heart failure (the New York Heart Association functional class > III, or stroke history), severe hypoalbuminemia (albumin <2.5 g/dL), or clinical illness (Karnofsky performance status less than 60); those who were overweight [body mass index (BMI) >30 kg/m 2 ], exhibited drug abuse or chronic alcoholism, had life-threatening disease, or underwent emergent surgery; those with infection or bowel obstruction; those who were pregnant or lactating; those who had received chemotherapy within 14 days of the initiation of the trial; those who had received immunosuppressive therapy or had immunological diseases recently, had already participated in another clinical study with an investigational drug or an investigational medical device within a month of the initiation or during the study; and those hypersensitive to casein, fish oil, soybean, or corn oil. Before study initiation, a randomization sequence was computer-generated (GraphPad statistical software; GraphPad, USA) with two blocks of 15 patients. Patients from each block were 1:1 allocated by an independent investigator. Based on randomization sequence, another investigator assigned patients to either the study group or the control group, and these patients received study medication that was identical in appearance. All investigators and staff members, except for the aforementioned independent investigator, were blinded to patient assignment until the end of the study. Based on randomization sequence, emergency envelopes were provided to the study centers to break blinding if reasonable suspicion of harm to the participants due to the investigational EN was expressed. The emergency envelopes were provided in two sets: one was installed at the ward and the other at the pharmacy of the hospital.
Patients received oral feeding with an ordinary diet plus 400 mL/day (400 kcal/day) of the interventional diet for 3-5 days before curative surgery for gastric adenocarcinoma or gastric GIST. The composition of feeding diet is summarized in Table 1 . Jejunostomy for tube feeding was routinely performed in patients undergoing radical resection for gastric adenocarcinoma. On postoperative day 3, EN was initiated with 5% glucose in water at a rate of 20 mL/h either through the jejunostomy tube in patients with gastric adenocarcinoma or through a nasogastric tube in patients with gastric GIST. On postoperative day 4, patients received a semi-liquid diet plus 400 mL/day (400 kcal/day) of the interventional diet. From postoperative days 5-14 or to discharge whichever occurred first, 1200 mL/day (1200 kcal/day) of the interventional diet was administered, and an oral soft diet was also administered if no postoperative complications developed and if oral feeding was not prohibited.
The primary objective of this study was to evaluate the effect of immune-modulating nutrient-enriched diets on postoperative inflammatory response. Inflammatory markers including interleukin (IL)-6, C-reactive protein (CRP), and tumor necrosis factor-α (TNF-α) were used to assess inflammatory processes. Blood tests for glucose, albumin, prealbumin, blood urine nitrogen, creatinine, aspartate aminotransferase, alanine aminotransferase, triglycerides (TGs), cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), sodium (Na), and leukocyte count were also conducted. We measured these levels and collected demographic data before intervention and on day 14 or at discharge.
Vital signs, clinical course, concomitant medication, concomitant procedure, complications, adverse events (AEs), and severe AEs (SAEs) were recorded daily from the day of intervention to postoperative day 14 or to discharge, whichever occurred first. The last visit of patients was at discharge from the hospital or 14 days after surgery, whichever occurred first. AEs/SAEs and clinical outcomes, including postoperative complications, time to first bowel action, and LOS after surgery, were assessed until the discharge of patients from hospital.
To derive the sample size (1:1 allocation), the primary endpoint, statistical significance level, and power were specified. According to the preliminary data of our patients undergoing curative surgery for gastric cancer, the CRP level on day 14 was expected to be 81.47 ± 31.62 mg/dL, and the immune-modulating nutrient-enriched diet was expected to decrease proinflammatory cytokine by 40%. We had previously conducted a two-sided testing of independent means. A standard statistical significance level of 5% and power of 80% were chosen for rejecting the null hypothesis if the alternative hypothesis was correct. Sample size calculation was performed with software program nQuery version 5.0. Therefore, sample size resulted in 15 patients at least. Taking a drop-out rate of 20%, the sample size was at least 18 patients per study arm, that is, a total of 36 patients were enrolled into the study. The means were compared using a two-sample test and using analysis of variance (ANOVA) or linear regression, as appropriate. However, for all aforementioned inferential analysis methods, the center effect was not considered when comparing one treatment with another. Therefore, ANOVA incorporating the center effect and Cochran-Mantel-Haenszel test stratified by the center effect were applied to replace the two-sample t-test and Fisher's exact test. For efficacy analyses and part of safety analyses (including laboratory data and vital sign data), considering the effect of baseline data on the endpoints, analysis of covariance was applied when comparing one treatment mean with another, with their respective baseline as covariates. Baseline data were defined as the data obtained before the first administration of treatment before surgery. Endpoints were defined as the net change in post-treatment data from baseline data. Statistical analyses were conducted using SPSS 18.0 (SPSS, Chicago, IL, USA). P values less than 0.05 were statistically significant.
Results
After screening visits, a total of 46 patients who met the inclusion criteria agreed to participate in the study. Three patients were screening failures; thus, 43 patients were randomized to the immune-modulating nutrient-enriched diet group (n = 22) and the standard diet group (n = 21), respectively. Figure 1 shows the randomization of patients to the two treatment groups. A total of five patients withdrew before surgery, and only received study medication for a day. Four patients were also withdrawn from this trial and did not receive all scheduled EN [ Table 2 ]. The remaining 34 patients who received treatment diets and fulfilled all eligibility criteria completed this trial and were therefore included in the per-protocol population.
The demographic characteristics of all patients are summarized in Table 3 . The demographic data were comparable between groups; no difference was observed in concomitant medications or concomitant procedures between the test groups. The parameters were similar between treatment groups during the study period [ Table 4 ]. In both study and control groups, a statistically significant reduction in BMI, albumin, prealbumin, cholesterol, and HDL and a statistically significant increase in leukocyte count, IL-6, and CRP were detected after treatment (all P < 0.05). Among the aforementioned parameters, albumin, prealbumin, and HDL were lower and IL-6 and CRP were higher than normal range after treatment. Moreover, a significant increase in TG and a reduction in LDL in the control group and a significant reduction in Na in the study group were found. Finally, considering EN (i.e. study and control groups together), BMI, albumin, prealbumin, cholesterol, LDL, HDL, and Na significantly decreased and leukocyte count, IL-6, and CRP significantly increased after curative surgery for gastric cancer. BMI, albumin, prealbumin, and LDL were lower than the normal value, whereas IL-6 and CRP were higher.
All laboratory parameters, except for cholesterol, which was significantly higher in the study group (185.18 ± 73.47 vs. 154.94 ± 39.87, P = 0.028), were comparable at baseline, and no statistically significant difference was observed in the perioperative net changes between groups [ Table 5 ]. A total of eight patients experienced treatment-related AEs, namely three (16.7%) versus five (27.8%) patients in the study versus control group, respectively [ Table 6 ]. No significant difference was observed (P = 0.691). These AEs included bloating in one patient in each group, which resulted in patients' withdrawal from the study in the end. The remaining AEs were diarrhea that could be easily managed by adjustment of osmolarity of the feeding diet. No death occurred in this study.
Complications were classified into infectious and noninfectious [ Table 6 ]. Infectious complications were sepsis in one patient and intra-abdominal abscess in another patient in the control group, and no infectious complications developed in the study group. Noninfectious complications were postoperative bleeding in one patient and delayed gastric emptying in five patients in the control group. In contrast, wound dehiscence developed in one patient and delayed gastric emptying in one patient in the study group. In the control group, one patient developed concomitant sepsis and delayed gastric emptying and another patient experienced concomitant postoperative bleeding and delayed gastric emptying. Despite more concomitant complications and a higher number of complications in the control group, no statistically significant difference was observed in infectious (0% vs. 11.8%, P = 0.485), noninfectious (11.8% vs. 29.4%, P = 0.398), or all complications (11.8% vs. 35.3%, P = 0.225) between the two treatment groups. Time to first bowel action and LOS after surgery were comparable between the two groups, but no significant differences were observed (P = 0.823). 
Discussion
EEN improves QOL, the rate of infectious complications, time to first bowel action, and LOS. The European Society for Clinical Nutrition and Metabolism guidelines for surgery recommend that oral intake should be initiated within hours of surgery in patients undergoing colon resection; however, the timing of EN after upper GI surgery is not clearly defined. [15] However, an increasing number of recent randomized controlled trials (RCTs) have administered EN on postoperative day 1 in patients undergoing proximal GI surgery and demonstrated a positive correlation with clinical outcomes. [16, 17] Even so, EEN was achieved in 52% of patients undergoing total gastrectomy for gastric cancer [6] and in 63% of patients undergoing pancreaticoduodenectomy. [17] Considering impaired postoperative gastric emptying and subsequent vomiting after diet intake, EN was started on postoperative day 3 in this study, which was initiated in 2011.
Patients scheduled to undergo major abdominal surgery usually cannot maintain adequate oral intake owing to symptoms of anorexia, bloating, nausea, vomiting, bleeding, and epigastralgia and are potentially malnourished before surgery. After surgery, their nutritional status may worsen, because surgery induces stress metabolism, leading to increased morbidity and mortality. Nonetheless, appropriate nutritional intervention may remedy the deficiencies and may improve immune function. In addition to providing energy, an immune-modulating nutrient-enriched diet may modulate inflammation, cellular immune function, and oxidative stress response in patients with critical illness [18] and those undergoing major open GI surgery. [19] In a study conducted by Ma et al., [20] omega-3 PUFA-enriched parenteral fat emulsion was administered to patients with gastric or colorectal cancer undergoing minimally invasive surgery, and the findings demonstrated that proinflammatory factors including IL-6, CRP, and TNF-α returned to normal level on postoperative day 7. In contrast, in this study, open surgery was performed for gastric cancer, and the findings revealed that IL-6, CRP, and TNF-α significantly increased after surgery in both study and control groups, and inflammatory response was mild. The results may be attributed to open surgery, instead of minimally invasive surgery, and more extensive dissection for the involved lymph nodes of gastric adenocarcinoma. Furthermore, immune-modulating nutrients did not exert prominent anti-inflammatory and immunomodulatory effects on clinical outcomes of infectious, noninfectious, and overall complications; time to first bowel action; and LOS of elective gastric surgery, consistent with the aforementioned previous study, in which omega-3 PUFA-enriched parenteral fat emulsion had no immunomodulation effect. However, lower rates of infectious, noninfectious, and overall complications were observed in the study group than in the control group. This finding might be because of the relatively small sample size. Thus, larger clinical trials should be conducted to provide definite conclusions.
Clinical evidence has indicated that in patients with critical illness, immune-modulating nutrients reduced infectious complications, time on mechanical ventilation, and lengths of ICU and hospital stay. [21, 22] In contrast to patients with critical illness involving hyperinflammatory status, the effect of immune-modulating nutrients might be masked in patients undergoing elective major gastric surgery, and the resulting measurable effects on the inflammatory response may be mild. However, a recent RCT demonstrated that compared with high-protein EN, immune-modulating nutrient-enriched EN did not improve infectious complications and clinical outcomes in patients with critical illness; thus, such EN may be harmful and lead to increased adjusted mortality at 6 months. [23] The doses of immune-modulating nutrients may play an important role; however, there is a lack of consensus for doses in the guidelines. In a study conducted by De Luis et al., [24] a higher dose of arginine (18.9 vs. 12.3 vs. 5.7 g/day) tube-fed for approximately 10 days postoperatively reduced LOS and fistula complication but not infectious complications in postsurgical oral and laryngeal cancer patients. The dose of arginine given in this study was 5 g/day for 3-5 days before surgery and 15 g/day for 5-14 days after operation or until discharge, and there was no significant difference in LOS, infectious, or non-infectious complications instead. In the Reducing Deaths Due to Oxidative Stress trial, enteral glutamine at 30 g/day and parenteral glutamine at 0.35 g/kg ideal body weight/day were administered to mechanically ventilated, critically ill patients for a maximum of 28 days, until discharge from the ICU or death. The trial reported that glutamine supplement increased mortality rates without reducing infection rates. [25] Compared to the aforementioned study, the dose of studied glutamine was relatively low (7.5 g/day) and infection rates did not reduce, either. Similarly, in the EDEN-OMEGA study, a daily intake of 16.2 g of omega-3 fatty acids and γ-linoleic acid was supplemented enterally in patients with acute lung injury (6.96 g/day of enteral fish oil supplemented in this study), but that study was prematurely closed due to failure to reach the primary endpoint of reducing ventilator-free days, with higher 60-day in-hospital death rates. [26] The inflammatory responses of the involved patients (elective surgery vs. critical ill) and the doses of investigational immune-modulating nutrients contribute to the heterogeneity of study results. Correspondingly, this study used lower doses of immune-modulating nutrients and might not have been sufficiently powered to draw significant conclusions. The detection of significant doses and effects of immune-modulating nutrients might require additional larger clinical trials. S u r g i c a l t r a u m a i n d u c e s a c a t a b o l i c r e s p o n s e (i.e., hypercatabolism) and impaired lipid tolerance as well. [27] In this study, BMI, albumin, prealbumin, cholesterol, LDL, and HDL significantly decreased postoperatively in both groups. The depletion was mild even with perioperative EN supplement and reflected hypercatabolism after major surgery for gastric cancer. Although patients were administered at least 1200 kcal of daily caloric supplement (plus oral intake), this appeared to be inadequate for patients with gastric malignancy undergoing gastrectomy. Particularly, the destruction of vagus nerve, decreased gastric volume, and poor appetite are frequently encountered in such patients, which may decrease oral intake. The postoperative TG levels were elevated in both groups, and the degrees of elevation were mild and within normal ranges.
The remaining laboratory parameters and AE incidence were comparable between both treatment groups. Bloating and diarrhea were possibly treatment-related. Bloating -because of which one patient in each group withdrew from the study -was not encountered after surgery, and this might be due to tube feeding, which avoided gastric emptying. Diarrhea was the main AE, and most episodes of diarrhea were mild and ceased spontaneously and could be managed using antimotility agents. No death was recorded in this study.
Overall, the duration of intervention of immune-modulating nutrients was relatively short and the sample size was less than ideal that might be underpowered and contributory to negative results. Despite the limitations mentioned above, this study revealed that immune-modulating nutrients had less immune-modulatory effects than expected in gastric cancer patients undergoing elective surgery, in which inflammation might be only mild compared to critically ill patients. Besides, the catabolic response after major operation for gastric cancer was greater than 1200 kcal supplemented enterally in this study with evidences of significant depletion of albumin, prealbumin, and BMI.
Conclusion
The effects of immune-modulating nutrient-enriched EN on laboratory parameters were comparable with those of the standard formula. Immune-modulating nutrient-enriched EN had no significant anti-inflammatory effect in patients undergoing elective surgery for gastric cancer and resulted in mild inflammation, as a small-population study in short-term perioperative use of immune-modulating nutrient-enriched EN with some limitations mentioned above that might be a part of the causes. Surgery for gastric malignancy induces a catabolic response that requires more intensive nutrition support.
